Effects of acute ethanol exposure on regulatory mechanisms of Bcl-2-associated apoptosis promoter, bad, in neonatal rat cerebellum: differential effects during vulnerable and resistant developmental periods.
Prenatal alcohol exposure produces anatomical and behavioral abnormalities associated with fetal alcohol syndrome (FAS). Animal FAS models have demonstrated temporal windows of vulnerability in the developing cerebellum, with substantial ethanol (EtOH)-mediated apoptotic activation during these periods. In rodents, the cerebellum is most sensitive to EtOH on postnatal days 4 to 6 (P4 to P6). At slightly later ages (P7 and later), this region is less vulnerable to EtOH. The present study investigated EtOH effects on mechanisms related to activities of Bad, a proapoptotic member of the Bcl-2 gene family, to further characterize processes underlying these disparate EtOH sensitivities. In healthy cells, Bad is retained in the cytosol by association with 14-3-3, a primarily cytosolic protein. Bad promotes apoptosis by disassociating from 14-3-3 and sequestering Bcl-xL through heterodimerization. This dimerization prevents the neutralizing association of Bcl-xL with Bax, freeing Bax to perform in a prodeath manner. Caspase-dependent cleavage of Bad to a 15-kDa fragment increases its proapoptogenic capacity. Two hours following EtOH exposure of P4 and P7 animals via inhalation, we determined how exposure affects intracellular localization and proteolytic cleavage of Bad and expression of cerebellar 14-3-3, using subcellular fractionation and Western blot techniques. Ethanol effects on interactions between Bad and 14-3-3 or Bcl-xL at the more vulnerable and less vulnerable ages were determined using an enzyme-linked immunosorbent assay-based technique to detect native protein-protein interactions. At P4, EtOH increased mitochondrial localization of Bad, expression of a 15-kDa fragment recognized by Bad antibody, and formation of Bad:Bcl-xL complexes. At that more vulnerable age, EtOH also decreased formation of Bad:14-3-3 complexes. At P7, EtOH increased Bad:14-3-3 complexes and reduced Bad:Bcl-xL complexes. Cytosolic 14-3-3 remained unchanged by EtOH at P4 and P7. Ethanol-induced alterations of Bad-related mechanisms at P4 favor a prodeath response. EtOH does not influence these same mechanisms in a manner that promotes cell death at P7. Divergent Bad-related responses at these 2 developmental ages likely contribute to their differential EtOH vulnerability.